-gibberelic acid; PGR -plant growth regulator; IBA -indole-3-butyric acid; IAA -indole-3-acetic acid; EFC -embryo-forming capacity; BSA -bovine serum albumin; POD -peroxidase activity; SPA -specific peroxidase activity. bulbs and thereby destroying the entire population of lilies. Continued reduction of already diminished populations could be prevented by development of successful micropropagation protocol and reintroduction of micropropagated plants into the wild populations. Our previously published data showed that 2.26 mM 2.4-D and 8.88 mM BA was optimal for induction of somatic embryogenesis from leaf explants of L. cattaniae [4] . Other authors also achieved successful regeneration from bulb scales using varying concentrations of BA [5] . No similar experimental data is provided for L. bosniacum.
The species of the genus Lilium have been the focus of a large number of basic and applied research studies in plant biotechnology and horticultural studies in the recent years. It is probably one of the most cultivated genera in horticulture. Many current reports demonstrated successful protocols for regeneration through organogenesis and somatic embryogenesis for many Lilium species including: L. auratum Lindl., L. bulbiferum L., L. japonicum Thunb., L. longiflorum Thunb., L. regale E.H. Wilson, L. rubellum Baker, L. speciosum Thunb., Lilium × formolongi K.Wada, and L. martagon L. as well as Asiatic and Oriental hybrids [6] [7] [8] .
Regenerative pathways in plant tissue cultures, including somatic embryogenesis and organ dedifferentiation comprise a series of developmental processes in which various antioxidative enzymes could be involved [9, 10] . Induction of somatic embryogenesis is often characterized as a stress-related response, and it could be detected through elevation in the level of stress enzymes [9] . Peroxidase (EC 1.11.1.7) activity is often related to regulation or change in endogenous auxin levels, along with an important role in organogenesis. An increase in the general activity of this enzyme has been observed during rhizogenesis in many plants. Moreover, changes in quantity and/or type of peroxidases in organized and disorganized tissues are often accompanying the differentiation [11] , especially during the process of somatic embryogenesis [9] .
Since the final goal of propagation is the acclimatization of the plants to field conditions, it is essential to monitor the plant quality. In order to improve the survival rate during this critical phase of the in vitro process, along with the control of oxidative and water stress, investigation of the plantlets photosynthetic ability is also required. Only a small number of papers dealing in photosynthetic status of in vitro grown lily plantlets can be found.
The main objective of this study was to investigate the relationship between peroxidase activity and differentiation process of Lilium cattaniae and L. bosniacum in vitro, photosynthetic status of regenerated plantlets and the regeneration potential of leaf and bulb tissues. The working hypothesis was that 2.4-D and BA may trigger differentiation from leaf and bulb explants under special light regime producing high quality plantlets suitable for acclimatization. Such successful protocol could support the ex situ conservation of these lilies.
Experimental Procedures

Plant material, in vitro germination
Seeds of Lilium cattaniae and Lilium bosniacum were obtained from the Laboratory for Research and Protection of Endemic Resources at Faculty of Natural Sciences and Mathematics and stored dry at 4°C prior to the start of the experiments. Seed were germinated according to our developed protocol for germination of these two lilies [12] . Preparation of the seeds included treatment with NaOH for 20 min, and subsequent submergence in 0.2% sodium hypochlorite solution (0.2% available chlorine) for 24 hours. After a 24-hour period, seeds were placed in 2% sodium hypochlorite solution (2% available chlorine) for another 2 hours after which they were rinsed with sterile water. The seed coats and endosperms were removed under aseptic conditions and seeds were sown in 10-cm-diameter Petri dishes filled with Murashige and Skoog (MS) [13] basal medium containing 3.0% (w/v) sucrose, 0.8% (w/v) agar (HiMedia) and 0.43 mM GA 3 (Gibberelic acid; Sigma).
Treatments and culture conditions
The basal medium contained MS mineral salts and vitamins Before autoclaving and agar addition pH of the media was adjusted to 6.00 with 1 M KOH. After autoclaving the media were dispersed in 10-cm-diameter Petri dishes. Cultures were kept 15 days in the dark and consequently transferred for 15 days in light (16 h photo-regime), followed by subcultivation on PGR free media with prolongation of culture in light (16 h photo-regime) for 6 weeks. Root induction was tested on 4 different treatments: half strength MS, full MS, MS supplemented with 0.98 mM indole-3-butyric acid (IBA) or 1.1 mM indole-3-acetic acid (IAA).
The effect of PGRs on morphogenic response of bulbs and leaves
Explants excised from leaves and bulbs of L. cattaniae and L. bosniacum seedlings (5-6 mm; whole bulbs, 4-5 mm, distal and basal leaf parts) were cultured in the Petri dishes [10 explants per dish, 5 dishes per treatment for each plant species (the experiment was independently repeated for three times)] on M1, 2, 3, 4, 5, 6, 7 and 8 media according to above described light regime. After 4 weeks all explants were transferred on freshly prepared MS medium containing no PGRs and cultivated in light for next 6 weeks. During this experiment any morphological changes on explants were recorded and photographed. Morphogenic responses of bulbs and leaves, expressed as percentage of explants with shoots and/or roots, number of leaves, bulbs and/or roots per explant after 10 weeks of culture were recorded. Success of embryo induction was expressed as the frequency of formed embryos per explant for embryo induction and the index of embryo-forming capacity (EFC) was calculated.
The effect of PGRs on biochemical status of regenerated plantlets
Photosynthetic status of obtained plantlets through organogenesis and/or somatic embryogenesis was determined by analyzing chlorophyll and carotenoid content. Photosynthetic pigments were assessed according to the protocols found in literature [14] . The quantification of the content of chlorophyll a, chlorophyll b and carotenoids were done according to formulas available in literature [15, 16] . Pigment content was expressed as mg of pigment per g of fresh weight (FW). The determination of the protein content [17] was done using BSA (Bovine Serum Albumin) as a standard. Peroxidase activity (POD) [18] was measured as a change in absorbance (420 nm) over 2 minutes (40 s, 60 s and 120 s) and calculated as specific peroxidase activity (mcatal per mg of protein; SPA).
Statistical analysis
Data represents the mean ± SD of three replicates. Statistical analysis was performed using Statistica 8.0 (StatSoft, Inc.1984-2007) software. Nonparametric analysis was conducted using Kruskal-Wallis test and the analysis of variance (ANOVA) was performed using Newman-Keuls test at a significance level of 1%.
Results and Discussion
Effect of PGRs on morphogenic response of bulbs and leaves
The morphogenic response of L. cattaniae and L. bosniacum explants, derived from basal leaves and whole bulbs of seedlings, varied depending on the PGRs concentration in the media (M1, M2, M3, M4 and M8). When the concentration of the BA was slightly lower then the concentration of the 2.4-D (M5; (Figure 1a) . High concentrations of cytokinin induced embryo-like structure formation on L. bosniacum leaf explants (Figure 2a) . Differentiation of somatic embryos from tissue swelling was achieved by transferring the explants on PGR free MS basal medium (Figure 1b) , that resulted in a high number of regenerated somatic embryos (Table 1 ) (Figure 1c, Figure 2c) .
A successful induction of somatic embryogenesis using 2.4-D and BA was already observed in bulb explants of Crocus sativus L. [20] . The successfully used 2.4-D for initiation of embryonic callus was recorded for leaf explants of Gentiana pneumonanthe L. [21] . Use of auxin-cytokinin combination for induction of somatic embryogenesis was also recorded for Lilium ledebouri (Baker) Boiss [22] . Different number of somatic embryos produced per explant observed in this study as well as the presence of different developmental stages at the same time indicate a low synchrony of this process. Such asynchronous induction of somatic embryogenesis has been described for Myrthus communis L. [23] , Simmondsia chinensis (Link) C.K. Schneid and Epipremnum aureum (L.) Engl. [24] . Shoot and bulb regeneration was achieved on treatments M2 and M3 for both lilies (Figure 1d, e, Figure 2b, d) .
Kruskal Wallis test indicated significant differences between treatments regarding regeneration of bulbs, leaves and/or roots of L. cattaniae and L. bosniacum (Table 1, 2) . The regeneration of embryos was achieved on M5 treatment, for both L. cattaniae and L. bosniacum. Regenerated shoots were subsequently transferred on rooting media. Successful rooting was achieved on ½ MS basal medium for L. cattaniae (Figure 1f ) and on MS basal medium containing 0.98 mM IBA for L. bosniacum (Figure 2e ), followed by successful acclimatization in greenhouse conditions (Figure 1i, Figure 2f ). Prolongation of the cultivation period made it possible to gain a high number of shoots (Figure 1g ) and good root formation was also recorded in such cultures (Figure 1h ).
The effect of PGRs on biochemical status of regenerated plantlets
Regenerated shoots/embryos were assessed for biochemical response after 75 days. The pigment content was generally higher for shoots/embryos regenerated from leaf explants with significant differences in pigment content according to Newman-Keuls test (Table 3,  4) . For shoots regenerated from bulbs, a decrease in all photosynthetic content was recorded for all treatments when compared to the control. A decrease in photosynthetic pigment content was accompanied by anthocyanin accumulation in bulb scales (Figure 1d) . No statistically significant changes in total protein content for L. cattaniae regenerated plantlets were recorded irrespective of the treatment and explant type (ranging from 3.1-3.5 mg g -1 FW -1 ) ( Table 3 , 4). Plant growth regulators have different influences on pigment concentration. The effect of cytokinins on the pigmentation of various cultures has been poorly studied [25, 26] , the degree of greening and the level of added cytokinin are not always comparable. In our case an equal ratio of cytokinin and auxin increased the content of chlorophylls. In contrast, an increase in auxin levels induced a decrease in carotenoids content.
Changes in the peroxidase activity of regenerated shoots from basal leaf and bulb explants were observed for all treatments used when compared to the control. The highest increase in the peroxidase activity was observed for L. cattaniae on M5 treatment following the induction of somatic embryogenesis from leaf explants. The activity was more than twice the value of those recorded on any of the other treatments (Table 3 ). For L. bosniacum elevations in peroxidase activity were recorded for 3 treatments M1, M3, and M5, where somatic embryogenesis was recorded from leaf explants when compared to control (Table 4) [28, 29] . Stress conditions occur as oxidative stress-inducing compounds increase the cell endogenous auxin levels and promote dedifferentiation [30] [31] [32] . An increase in peroxidase activity recorded in our research on the treatment with 9.05 mM 2.4-D and 4.44 mM BA is a validation for stressful condition induced by the presence of 2.4 D resulting with embryogenesis, which is consistent with literature data [9] .
In general we can conclude that the different ratio of 2. Differences in embryogenesis inductive treatments can be associated with genotype. The efficiency of morphogenesis (rate of regeneration, number of adventitious bulblets, leaves and somatic embryos per explant) depends on the kind of explant, and PGR ratio used. The content of the photosynthetic pigments was much higher in regenerated plantlets from leaf explants. The present procedure could be applied for multiplication of these endangered species as a protocol for gene pool conservation or for genetic manipulation. The protocol supports the use of seed as virus free material. 
